ALTERNATING VS. DIRECT CURRENT TRACTION       375
poses. That this question is far from being decided is illustrated,
however, in the following discussions of the subject before the
American Institute of Electrical Engineers, which have been
quoted herein for the double purpose of pointing out the unsettled
condition of single-phase motor development as well as illustrating
the various details of design under question.
Sprague points out the following differences between the single-
phase and direct current motors.1
"1. The input of current in one is continuous, in the other inter-
mittent.
"2. One has a single frame, the electrical and mechanical parts being
integral; the other has a laminated frame contained within an independ-
ent casing. Hence there is not equal rigidity, or equal use of metal.
"3. One has exposed and hence freely ventilated field coils; the other
has field coils imbedded in the field magnets.
"4. One has a large polar clearance, and consequently ample bearing
wear; the other has an armature clearance of about only one-third as
much, and hence limited bearing wear.
"5. One is operated with a high magnetic flux, and consequently high
torque for given armature conductor current; the other has a weak field,
and consequent lower armature torque.
"6. One has a moderate sized armature and commutator, and runs
at a moderate speed; the other, with equal capacity, has a much larger
diameter of armature and commutator, and runs at a much higher speed.
"7. One permits of a low gear reduction, and consequently a large
gear pitch; the other requires a higher gear reduction, and a weaker
gear pitch.
"8. The windings of one are subject to electrical strains of one
character; in those of the other the strains are of rapidly variable and
alternating character.
"9. The mean torque of one is the corresponding maximum; the
mean torque of the other is only about two-thirds of the maximum.
"10. The torque of one is of continuous character; that of the other
is variable and pulsating, and changes from nothing to the maximum fifty
times a second.
"11. One has two or four main poles only, two paths only in the
armature, and two fixed sets of brushes; the other has four to fourteen
poles, as many paths in the armature, leading to unbalancing, and as
many movable sets of commutator brushes*
"12. One can maintain a high torque for a considerable time while
standing still; the other is apt to burn out the coils, which are short
circuited under the brushes.
1"Some Facts and Problems Bearing on Trunk Line Operation," by
Frank J. Sprague. A. 1. E.. E., Vol. XXVI.

